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(57) ABSTRACT

Diaphragm pump for delivering a fluid, in particular an
exhaust-gas aftertreatment medium, such as an aqueous urea
solution for example, comprising a working chamber (1)
which s delimited by a working diaphragm (2) and which can
be connected via a first valve (3) to an inlet (4) and via a
second valve (5) to an outlet (6), and an electromagnet (7)
which comprises a coil assembly (8) and an armature (9)
which interacts with the coil assembly (8) and is operatively
connected to the working diaphragm (2). According to the
invention, the valves (3, 5) are configured in a valve plate (10)
which is arranged between the coil assembly (8) and the
armature (9). Exhaust-gas aftertreatment system having a
diaphragm pump of this type.

20 Claims, 6 Drawing Sheets
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DIAPHRAGM PUMP, AND EXHAUST-GAS
AFTERTREATMENT SYSTEM HAVING A
DIAPHRAGM PUMP

BACKGROUND OF THE INVENTION

The invention relates to a diaphragm pump for delivering a
fluid, in particular an exhaust-gas aftertreatment medium,
such as, for example, an aqueous urea solution. In addition,
the invention relates to an exhaust-gas aftertreatment system
comprising such a diaphragm pump.

Diaphragm pumps, in particular diaphragm pumps that can
be used in exhaust-gas aftertreatment systems, have already
been disclosed by the prior art. The German patent applica-
tion DE 10 2008 043 309 Al discloses a diaphragm pump
having a multi-parted pump housing, the working membrane
of which is clamped between two housing parts and can be
axially actuated by an electric motor via an eccentric and
connecting rod. In order to fix the working diaphragm, the
housing parts are axially clamped to one another.

A further diaphragm pump is disclosed by the published
German patent application DE 10 2005 003 583 Al. In this
case, the working diaphragm is not actuated via an eccentric
connecting rod but rather by a piston, which is operatively
connected to an armature of an electromagnet. When current
is supplied to the coil assembly of the electromagnet, the
armature is pulled in the direction of the coil assembly,
wherein the working diaphragm is impinged with a compres-
sive force via the piston connected to the armature. The com-
pressive force causes the membrane to expand into the pump
working chamber, i.e. a compression of the medium situated
therein, said medium being subsequently discharged via a
discharge valve. If current is no longer being supplied to the
coil assembly, a spring supported on the armature ensures that
armature and piston are restored to their initial positions. The
working diaphragm contracts and creates a vacuum in the
pump working chamber; thus enabling the intake of fresh
medium. In order to impinge the working diaphragm with a
compressive force, the piston is guided through the coil
assembly. This requires small dimensional and bearing toler-
ances to be maintained during the manufacture of the piston
and/or the armature. In addition, the guide area of the piston
and/or the armature is subjected to an increased amount of
wear due to friction. On account of the length of the piston,
said piston can furthermore tilt, whereby the frictional forces
and consequently the wear increase.

The German patent application DE 10 2004 011 123 Al
discloses a further diaphragm pump having a lifting solenoid
as a drive, in which diaphragm pump the working diaphragm
is directly connected to an armature of the solenoid that is
embodied as a hollow cylinder. A piston for actuating the
working membrane can thus be eliminated. The armature is
accommodated in a sleeve-shaped sliding bearing. The lifting
motion of the armature is delimited by the housing of the
electromagnet, which can lead to an undesirable noise gen-
eration when the armature strikes the housing.

The German patent application DE 10 2008 054 686 Al
discloses a diaphragm pump comprising an electromagnet for
actuating the working diaphragm, in which pump an elastic
element embodies both a flat armature that interacts with the
electromagnet and a return spring. In order to connect to the
working membrane, the elastic element is encapsulated by the
plastic of the working diaphragm. A radial guidance of the
armature is therefore not necessary, whereby the wear in the
region of the moving components is reduced. Due to the
design of the flat armature, a compact arrangement is more-
over created which only requires a small installation space.
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2
SUMMARY OF THE INVENTION

Based on the prior art specified above, the aim of the
invention is to provide a compact diaphragm pump which
operates with low noise and low friction, can be actuated via
an electromagnet and furthermore has a high degree of effi-
ciency.

The aim is met by a diaphragm pump having the features of
the claim 1. Advantageous modifications to the invention are
specified in the dependent claims.

The proposed diaphragm pump for delivering a fluid, in
particular an exhaust-gas aftertreatment medium, such as, for
example, an aqueous urea solution, comprises a working
chamber which is delimited by a working diaphragm and
which can be connected via a first valve to an inlet and via a
second valve to an outlet. Said diaphragm pump further com-
prises an electromagnet which includes a coil assembly and
an armature which interacts with the coil assembly and is
operatively connected to the working diaphragm. According
to the invention, the valves are configured in a valve plate
which is arranged between the coil assembly and the arma-
ture. Together with the working diaphragm, the valve plate
preferably delimits the working chamber; thus enabling the
arrangement of these pump components to take place
between the coil assembly and the armature. The essential
elements of the pump are thereby integrated into the electro-
magnet. In this way, a very compact pump arrangement is
produced, which moreover—due to the separation of arma-
ture and coil assembly—can be operated with low noise and
friction. The lack of a radial guidance of the armature further-
more results in reduced wear. The operative connection of the
armature to the working diaphragm ensures a direct transmis-
sion of force and thus a high degree of efficiency of the pump.
In a preferable manner, the armature is operatively connected
to the working diaphragm by a frictional and/or form-fit, for
example via a screw connection. Provision can alternatively
be made for a clamping or latching connection. The ends of
the working diaphragm are further fixed to the valve plate. A
ring which engages in a corresponding receiving groove on
the valve plate can, for example, be used to fix said ends to the
valve plate.

According to one preferred embodiment of the invention,
the valve plate is at least partially embedded in a housing of
the electromagnet or in the armature. In so doing, an even
more compact construction can be created. In addition, the
embedded valve plate is likewise fixed in position.

According to one modification, the valve plate and/or the
working diaphragm comprise damping grooves which are
preferably disposed along the circumference. In the case of a
circular layout of the working chamber, the damping grooves
are preferably arranged in circles that are concentric to one
another. The damping grooves dampen the movement of the
armature because in order to build up pressure in the working
chamber, the medium has to be displaced from the damping
grooves.

It is furthermore proposed that the valve plate be at least
partially covered on one or both sides by at least one addi-
tional plate which preferably consists of a non-magnetic
material. The valve plate and the at least one additional plate
together form a valve head, wherein the individual plates are
preferably connected to one another by means of laser weld-
ing. The embodiment of the at least one additional plate from
a non-magnetic material prevents a magnetic bonding of the
armature to the magnet housing if the current supply to the
coil assembly has ended. The at least one plate is preferably
welded to the housing of the electromagnet.
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The armature which is disposed separately from the coil
assembly is advantageously guided in the radial direction by
means of at least one spring. The spring assists in restoring the
armature to the original position thereof after the current
supply to the coil assembly has ended. The spring can, for
example, be embodied as a helical compression spring and be
supported on the one hand on the additional plate that at least
partially covers the valve plate as well as on the other hand on
the armature. In order to ensure a radial guidance of the
armature, the spring preferably engages in a circumferential
groove of the armature. If the restoring of the armature to its
original position takes place via a plurality of springs, which
are evenly disposed over the circumference of the armature,
said springs preferably project in each case into a cup-shaped
recess of the armature. When a plurality of springs is disposed
over the circumference of the armature, the number of said
springs has to be at least three, preferably four or more. The
multiple springs are preferably spaced apart from one another
at a uniform angular distance. In order to radially fix the
position of the springs on the valve plate or the additional
plate, a raised portion, for example in the form of a pin, is
configured on the respective plate, around which the end of
the spring is laid. A sufficient guidance of the spring or
springs is also ensured by means of the guidance of the same
on both sides. In order to achieve a damping of the movement
of the armature, the spring or springs can also be designed as
a progressive spring.

Furthermore, the armature preferably embodies a cup-
shaped receiving space for the at least partial accommodation
of the valve plate and/or a spring. A centrally arranged cup-
shaped receiving space can, for example, serve to receive the
valve plate. By means of a corresponding design of the arma-
ture plate, the working diaphragm is additionally supported
during the build-up of pressure in the working chamber,
which favorably affects the service life of the working dia-
phragm. Further cup-shaped receiving spaces can alterna-
tively or additionally be disposed over the circumference,
which serve at least partially to receive the return springs.

The cup-shaped receiving spaces can be worked into a flat
armature plate by means of a shaping process. The armature
is preferably a stamped/bent part which can be easily and cost
effectively manufactured.

It is furthermore proposed that the electromagnet is a DC
solenoid. Provision can alternatively or additionally be made
for the electromagnet to comprise a coil having two inside
diameters. In so doing, the highest possible number of wind-
ings can be achieved.

On the basis of the advantages of an inventive diaphragm
pump specified above, such a pump is particularly suited for
use in an exhaust-gas aftertreatment system for delivering an
exhaust gas aftertreatment medium, in particular an aqueous
urea solution. The diaphragm pump thus prevents the elec-
tromagnet from coming in contact with the medium to be
delivered; thus enabling said electromagnet to be protected
from corrosion. In addition, an exhaust-gas aftertreatment
system comprising an inventive diaphragm pump for deliv-
ering an exhaust-gas aftertreatment medium, in particular an
aqueous urea solution, is therefore proposed. Besides the
previously specified advantage, the operation of the pump
with low noise and low friction and the compact construction
advantageously affect the exhaust-gas aftertreatment system.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention are explained
below in detail with the aid of the attached drawings. In the
drawings:
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FIG. 1 shows a schematic cross-section through a dia-
phragm pump known from the prior art.

FIG. 2 shows a schematic cross-section through a dia-
phragm pump according to the invention.

FIG. 3 shows a top view of a valve assembly.

FIG. 4 shows a bottom view of a valve plate of the dia-
phragm pump of FIG. 2.

FIGS. 5a, b show partial sections through the housing of
the diaphragm pump of FIG. 2.

FIG. 6a shows a partial section through the valve plate of
FIG. 4.

FIG. 65 shows a cross-section through the working dia-
phragm of the diaphragm pump of FIG. 2.

FIG. 7 shows a schematic cross-section through a further
inventive diaphragm pump.

FIG. 8 shows a top view of an armature of the diaphragm
pump of FIG. 7 and

FIG. 9 shows a partial section through the armature of the
diaphragm pump of FIG. 7.

DETAILED DESCRIPTION

The disadvantages of a known diaphragm pump from the
prior art will now once again be made clear with the aid of the
schematic cross-section through such a pump. The pump
depicted has a working chamber 1 which is delimited from a
working diaphragm 2 as well as from a valve plate 10. The
valve plate 10 accommodates a first valve for connecting the
working chamber 1 to aninlet 4 as well as a second valve 5 for
connecting the working chamber 1 to an outlet 6. The valve
plate 10 is mounted on a plate-shaped supporting element
which supports an electromagnet 7 as the drive of the pump on
the side facing away from the valve plate 10. The electromag-
net comprises a coil assembly 8 as well as an armature 9
which interacts with the coil assembly 8 and is disposed on
the side of the electromagnet 7 facing away from the valve
plate 10. The armature 9 comprises an armature pin 19 which
is passed through the coil assembly 8 and mounted in an
axially displaceable manner via guides 18. When current is
supplied to the coil assembly 8 of the electromagnet 7, the
armature 9 is drawn in the direction of said coil assembly 8
and the armature pin 19 is carried along. The armature pin 19
thereby impinges the working diaphragm 2 with a compres-
sive force which leads to a reduction in volume of the working
chamber 1 and thereby to an increase in pressure; thus
enabling the valve 5 to open and the medium that is present in
the working chamber 1 to flow out via the outlet 6. If the
current supply to the coil assembly 8 has ended, the spring
force of a spring 15 supported on the armature 9 causes said
armature 9 to be restored to its original position, the armature
pin 19 also being reset. The resetting of the armature pin 19
makes an increase in volume of the working chamber 1 pos-
sible, which increase causes a vacuum in the working cham-
ber 1. This causes fresh medium to be drawn into the working
chamber 1 via the inlet 4 and the valve 3. The constructional
length of the armature pin 19 has been proven to be a disad-
vantage because said pin can easily tilt when executing the
axial movement. In addition, the contact surfaces in the
region of the guides 18 undergo an increase in wear due to
friction, which reduces the service life of the pump. Further-
more, the armature 9 strikes against the electromagnet 7 when
the coil assembly 8 is supplied with current and the armature
is moved in the direction of said coil assembly 8. This leads to
a noise generation which is very undesirable.

The disadvantages described above are remedied or at least
significantly reduced by the embodiments of inventive dia-
phragm pumps depicted in the succeeding figures.
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A first embodiment of a diaphragm pump according to the
invention is depicted in FIG. 2. The drive takes place via an
electromagnet 7 which comprises a coil assembly 8 as well as
an armature 9. The coil assembly 8 is accommodated in a
housing 11, which s closed by a valve plate 10 in the direction
of the armature 9. The valve plate 10 accommodates a first
valve 3 which is connected to an inlet 4 as well as a second
valve 5 which is connected to an outlet 6, wherein the two
valves 3, 5 (see FIG. 3) as well as the inlet 4 and the outlet 6
are in each case disposed in a common radial plane. In the
present embodiment, the valve plate 10 is composed of a
plurality of plates in order to simplify the configuration of the
valves 3, 5. In addition, the valve plate 10 is covered by an
additional plate 13 which consists of a non-magnetic material
and is connected to the valve plate 10 via a circumferential
welding seam. The additional plate 13 furthermore has a
raised portion 23 which serves to guide a spring 15 used for
restoring the position of the armature 9. The other end of the
spring 15, which is embodied as a helical compression spring
in the present embodiment, projects into a receiving space 17
of'the armature 9, which space is designed as a circumferen-
tial groove on the side of the armature 9 facing the coil
assembly 8. An additional receiving space 16 of the armature
9 serves to receive the working diaphragm 2 when the arma-
ture 9 moves in the direction of the coil assembly 8. The
cup-shaped embodiment of the receiving space 16 supports
the working diaphragm 2 during the build-up in pressure. In
so doing, the service life of the working diaphragm 2 is
increased. The operative connection of the working dia-
phragm 2 to the armature 9 takes place in the present example
via a screw connection. The working diaphragm 2 comprises
adamping cone in the form of a material thickening, by means
of which the movement of the armature 9 can be decelerated
before said armature 9 strikes against the valve plate 10. A
further limit stop 21 delimits the stroke of the armature 9 in
the resetting direction. The ends of the working diaphragm 2
are fixed by means of a ring 25 on the valve plate 10, said ring
25 engaging in a corresponding receiving area on the valve
plate 10. The working diaphragm 2 can be tensioned by
means of the ring 25.

The diaphragm pump depicted in FIG. 2 is characterized by
a very small dead volume. Almost the entire volume of the
working chamber 1 is displaced by the working medium 2,
whereby the high level of efficiency of the pump is further
increased. In addition the delivery volume can be determined
with a high degree of accuracy.

The installation space can furthermore be substantially
reduced by integrating the pump elements into the electro-
magnet 7. A contributory factor here is that the valve plate 10,
as depicted in FIG. 2, is embedded in the housing 11 of the
electromagnet 7. To this end, the housing 11 comprises a
recess 22 (see FIGS. 5a and 5b) which is correspondingly
configured to the form of the valve plate 10 (see FIG. 4). The
valve plate embedded in the housing 11 is additionally fixed
in the recess 22 by the additional plate 13, which is configured
as an annular disk in the present embodiment. For this pur-
pose, the annular disk or, respectively, additional plate 13 is
welded by means of a welded seam 20 to the valve plate 10 as
well as to the housing 11. The annular disk can have a thick-
ness of less than 0.2 mm.

An alternative embodiment of the diaphragm pump
according to the invention is depicted in FIG. 7. This distin-
guishes itself from the embodiment of FIG. 2 by virtue of the
fact that the essential pump elements, namely the working
diaphragm and the valves 3, 5 are disposed within the receiv-
ing space 16 of the armature 9. The top side of the housing 11
of the electromagnet 7, which serves as a pole face, can
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6

accordingly be planarly designed, which simplifies the manu-
facture of the electromagnet 7. The armature 9 is embodied as
a stamped/bent part in order to configure the receiving space
16 as well as further receiving spaces 17 for a plurality of
return springs 15. In so doing, the manufacturing costs can be
further reduced. The plate 13 can be eliminated and a plate 14
made from a non-magnetic material can instead be disposed
between the valve plate 10 and the housing 11. The magnetic
flux 24 across the housing 11 into the armature 9 continues to
be ensured. The plate 14 has raised portions 23 in order to
guide the springs 15 which are supported on the plate 14. The
raised portions 23 can be integrally formed with said plate 14
(see FIG. 9) or subsequently mounted to the same (see FIG.
7). As can be seen in FIG. 8, the armature 9, aside from the
receiving spaces 16, 17, comprises a recess 22 in which the
valve plate 10 is embedded.

The operations of the diaphragm pumps of FIGS. 2 and 7
hardly differ. If the coil assembly 8 is supplied with current,
the armature 9 moves in the direction of said coil assembly 8.
The working diaphragm 2 is thereby moved into the working
chamber 1, whereby the volume of the working chamber 1 is
reduced. This leads to an increase in pressure in the working
chamber 1 which in turn leads to the opening of the valve 5,
via which the medium present in the working chamber 1
travels into the outlet 6. If the supply of current to the coil
assembly has ended, the spring force of the spring or springs
15 causes the armature to be restored to the original position
thereof. The same is true for the working diaphragm 2, so that
avacuum develops on account of the increase in volume of the
working chamber 1, said vacuum leading to the opening of the
valve 3 and thereby to the drawing in of fresh medium.

The armature 9, which is guided radially with respect to the
electromagnet 7 via the working diaphragm 2 and the at least
one spring 15, has two terminal stops, namely the valve plate
10 or, respectively, the additional plate 13 or 14 mounted
thereon and the limit stop 21. Owing to the principles
involved, the armature 9 does not experience any radial
forces; thus allowing a radial guidance of the armature 9 to be
omitted. The armature 9 does however experience a certain
radial guidance via the at least one spring 15.

Both of the preferred embodiment variants described have
the advantage that an undesirable noise generation is pre-
vented or at least substantially reduced. A noisy striking of the
armature 9 is, for example, prevented as a result of the work-
ing diaphragm 2 comprising a damping cone (see FIGS. 2 and
7). The working diaphragm 2 can alternatively or additionally
be provided with damping grooves 12 which provide an addi-
tional damping by virtue of the medium having to be dis-
placed from the grooves 12 prior to the armature 9 striking the
housing, electromagnet or valve plate (see FIG. 65). The
damping grooves 12 preferably consist of the same material
as the working diaphragm, wherein said diaphragm further
preferably relates to an elastomer membrane. The valve plate
10 can also alternatively or additionally be equipped with
damping grooves 12 (see FIG. 6a).

What is claimed is:

1. A diaphragm pump for delivering a fluid, comprising a
working chamber (1), which is delimited by a working dia-
phragm (2) and which is connected via a first valve (3) to an
inlet (4) and via a second valve (5) to an outlet (6), and an
electromagnet (7) which comprises a coil assembly (8) and an
armature (9) which interacts with the coil assembly (8) and is
operatively connected to the working diaphragm (2), wherein
the first and second valves (3, 5) are disposed in a valve plate
(10) which is arranged between the coil assembly (8) and the
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armature (9), and wherein the first and second valves (3, 5) are
axially disposed between the coil assembly (8) and the arma-
ture (9).

2. The diaphragm pump according to claim 1, wherein the
valve plate (10) is at least partially embedded in a housing
(11) of the electromagnet (7) or in the armature (9).

3. The diaphragm pump according to claim 1, wherein at
least one of the valve plate (10) and the working diaphragm
(2) comprise damping grooves (12), which are arranged cir-
cumferentially.

4. The diaphragm pump according to claim 1, wherein the
valve plate (10) is covered at least partially on one side or both
sides by at least one additional plate (13, 14), wherein the
additional plate (13, 14) consists of a non-magnetic material
and/or is welded to the housing (11) of the electromagnet (7).

5. The diaphragm pump according to claim 4, wherein the
at least one additional plate (13) is disposed axially between
the coil assembly (8) and the armature (9).

6. The diaphragm pump according to claim 1, wherein the
armature (9) is guided in a radial direction by at least one
spring (15) which serves to restore the armature (9) to its
original position after a current supply to the coil assembly (8)
has ended.

7. The diaphragm pump according to claim 6, wherein the
at least one spring (15) for restoring the armature (9) to its
original position is a progressive spring.

8. The diaphragm pump according to claim 1, wherein the
armature (9) embodies at least one cup-shaped receiving
space (16, 17) for the at least partial accommodation of at
least one of the valve plate (10) and a spring (15).

9. The diaphragm pump according to claim 1, wherein the
armature (9) is a stamped/bent part.

10. The diaphragm pump according to claim 1, wherein the
electromagnet (7) comprises at least one of a DC magnet and
a coil (8), the coil (8) having two inside diameters.

11. The diaphragm pump according to claim 1, wherein the
valve plate is covered at least partially on one side or both
sides by at least one additional plate which consists of a
non-magnetic material.

12. The diaphragm pump according to claim 11, wherein
the valve plate is covered at least partially on one side or both
sides by at least one additional plate which is welded to the
housing (11) of the electromagnet (7).
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13. The diaphragm pump according to claim 1, wherein the
valve plate is covered at least partially on one side or both
sides by at least one additional plate which is welded to the
housing (11) of the electromagnet (7).

14. The diaphragm pump according to claim 1, wherein the
entire valve plate (10) is arranged between the coil assembly
(8) and the armature (9).

15. The diaphragm pump according to claim 1, wherein the
armature (9) moves along an axis, wherein the working dia-
phragm (2) has a concave inner surface facing the working
chamber (1), wherein the working diaphragm (2) has a central
region along the axis that is contacted and moved by the
armature (9), and radially exterior regions that are coupled to
the valve plate (10), wherein the radially exterior regions are
disposed axially closer to the coil assembly (8) than the cen-
tral region is disposed axially to the coil assembly (8).

16. The diaphragm pump according to claim 1, wherein the
working chamber (1) is bordered only by the working dia-
phragm (2) and the valve plate (10).

17. The diaphragm pump according to claim 1, further
comprising a spring (15) coupled to both an additional plate
(13) and the armature (9), wherein the spring (15) is disposed
axially between the additional plate (13) and the armature (9).

18. An exhaust-gas aftertreatment system comprising a
diaphragm pump according to claim 1 for delivering an
exhaust-gas aftertreatment medium.

19. The diaphragm pump according to claim 18, wherein at
least one of the valve plate and the working diaphragm com-
prise damping grooves, which are arranged circumferentially.

20. A diaphragm pump for delivering a fluid, comprising a
working chamber (1), which is delimited by a working dia-
phragm (2) and which is connected via a first valve (3) to an
inlet (4) and via a second valve (5) to an outlet (6), and an
electromagnet (7) which comprises a coil assembly (8) and an
armature (9) which interacts with the coil assembly (8) and is
operatively connected to the working diaphragm (2), wherein
the first and second valves (3, 5) are disposed in a valve plate
(10), wherein the first and second valves (3, 5) are axially
disposed between the coil assembly (8) and the armature (9),
and wherein the armature (9) is disposed entirely outside of
the working chamber (1).
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